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organic supplements or hydrogen (1, 4, 5, 7, 10) . These studies were done with soil which was high in organic material (4.2% organic carbon) (1) , with inoculum from a bioreactor (4, 7, 10) , or with a pure culture derived from anaerobic sludge (5) . In contrast, our study was done with aquifer material from an oligotrophic aquifer (maximum total organic carbon of 0.04% in unamended microcosms).
This experiment showed that dehalogenation activity could be observed with an appropriate electron donor within a week, although in other experiments several weeks were required (data not shown). This was probably due to the particular core material used. However, although the time at which dehalogenation capability develops in a particular sample may vary, the overall pattern is consistent. The microcosms amended with substrates which would be expected to be easily degraded under anaerobic conditions, such as lactate and ethanol (9) , showed dehalogenation products as early as 6 days in this particular experiment. Microcosms amended with compounds such as butyrate, crotonate, and propionate, which are more difficult to degrade anaerobically (9), had a longer incubation period before large amounts of dehalogenation products were present ( Fig. 1) . The compounds which supported dehalogenation of PCE in this aquifer material would all be expected to produce hydrogen during their anaerobic oxidation (9) . Methanol and acetate did not support significant dehalogenation activity during the time course of this experiment. Although both of these compounds have been shown to produce some hydrogen under some circumstances (3 [and references therein], 12), neither would be expected to produce large amounts of hydrogen during their anaerobic metabolism. This suggests that in this system hydrogen produced during the metabolism of the fatty acids and alcohols may be the immediate electron donor for supporting dehalogenation. Freedman and Gossett (7) showed that hydrogen could support dehalogenation of chloroethenes, although methanol was the better substrate for their bacterial cultures.
It appears that this experimental ecosystem may be different in nature from the others reported from digesters (4, 6, 7) or biofilms (2) in that neither acetate nor methanol appeared to support dechlorination of the PCE during the course of the experiment, although many compounds known to produce hydrogen during anaerobic metabolism did support dechlorination activity. Similar results were seen in a study of the Production of dehalogenation intermediates in microcosms which had no electron donor added (-) or which were amended with acetate (@; 4 mM), lactate (A; 3 mM), propionate (V; 3 mM), butyrate (x; 2 mM); crotonate (+, 2 mM), methanol (A; 4 mM), ethanol (0; 2 mM), or isopropanol (O; 3 mM). Points represent the average of four microcosms. Time zero samples were not taken, but TCE and dichloroethenes (DCE) were assumed to be below the detection limit initially because neither was detected in unamended control microcosms at the first sampling point, and original core material contained no detectable chloroethenes.
effect of short-chain acids and alcohols on dehalogenation of 2,4,5-trichlorophenoxyacetic acid in aquifer microcosms (8) .
This study indicates that the availability of a suitable electron donor is essential for dehalogenation of PCE and TCE to occur at appreciable rates in environments with low levels of organic carbon. A wide variety of compounds can be added to initiate this process, but consideration must be given to whether the capability to dehalogenate the chloroethenes is present during the time that oxidation of the electron donor can occur. With these considerations, this approach has potential for cleanup strategies to dechlorinate PCE and TCE spills in areas where there is low availability of readily oxidizable carbon. More research is needed, however, on the types and optimum concentrations of substrates which will give maximum results in the field in terms of both speed of initiation of the process and support of ongoing dehalogenation.
